cut into small pieces, and kneaded in a cytosieve 2 as described by Snell (23) . The resulting cell suspension was centrifuged at 1400 m,~ for 5 minutes at 4°C and the cells washed with chilled complete Tyrode's solution, containing NaHCO3. The washed cells were resuspended in a small volume of complete Tyrode's solution containing 7.5 per cent normal rat serum. Viability was tested by the eosin-Y vital staining method (24) , and counts of the cell suspension were made. The suspension was then diluted to contain 20 million cells in 0.1 to 0.2 ml. Approximately 20 million cells were injected intraperitoneally into 1 day-old rats or, in some cases, 30 to 40 million cells into 2 to 3 day-old rats. In most experiments, spleen cells pooled from two to four donors were administered to eight to sixteen recipients. "Runting" was observed in four of a total of eighty rats who received spleen cells. These animals were rejected.
Injection of Lymph Node Cdls.--Donor rats were exsanguinated, and the cervical, axillary, and popliteal lymph nodes were removed aseptically, trimmed and placed in chilled Tyrode's solution with gelatin. The nodes were teased with a dissecting needle, kneaded through the cytosieve, and the procedure described for the spleen cells carried out. The recipients were injected in the tail vein with 30 to 75 million cells in 0.5 to 1.5 ml.
Itistologic Methods.--Tissues were fixed in neutral, buffered formalin. Sections were stained with hematoxylin and eosin, periodic acid-Schiff (PAS) (25) , and in some cases with periodic acid-methenamine silver (PA-MS) (26) stain. For electron microscopy, small blocks of kidney cortex were fixed immediately after autopsy in Dalton's chrome osmium fixative (27) , dehydrated in alcohol, embedded in methacrylate, and sectioned with a diamond knife at approximately ~o/~. Sections were viewed on grids coated with formvar in an RCA EMU-3 microscope. One micron sections from the methacrylate block, stained with May-Grtinwald, were studied comparatively.
Immunofluorescent Studies.--A high titer rabbit anti-rat gamma globulin serum was conjugated with fluorescein isothiocyanate by the method of Marshall and coworkers (28) , and absorbed with rat liver and spleen powder. Tissues were rapidly frozen in a dry icebenzene mixture and stored at -20°C. Sections were cut in a microtome cryostat at an indicated thickness of 4 to 6 microns, fixed on slides, washed with buffered saline, treated for 45 minutes with the conjugated antiserum, again washed, and mounted in buffered glycerin. Specificity was confirmed by the demonstration of inhibition of staining by prior treatment of the sections with unconjugated anti-rat gamma globulin serum. A Reichert fluorescence microscope with an Osram HBO-200 mercury arc lamp was used. Photographs were taken with a Polaroid land camera using Polaroid type 37 speed 3000 film. Exposure time varied from 1 second for positive slides to 20 seconds for negative slides.
RESLILTS
Nephrosis in Donor Animals.--Nephrosis, as evidenced by proteinuria, hypercholesterolemia, and histological renal abnormalities was induced in 80 per cent of the animals injected. Marked ascites developed during the course of the injections but usually subsided within a few weeks. All of thirteen animals followed for 8 months to 1 year continued to manifest marked proteinuria with generalized edema and hypoalbuminemia. Four who were sacrificed at the end of 8 months showed characteristic histological abnormalities. The average urine protein concentration was 0.46 gm per cent, and the mean fasting serum cholesterol level was 108 mg per cent (Table I) . Serum albumin levels (Text- fig. 2 ) averaged 1.9 gm per cent (Table II) . The beta globulin fraction was usually increased. The urinary sediment contained hyaline and granular casts. Applying the Student's t distribution test, the serum cholesterol and albumin levels and the urinary protein concentrations were significantly different from those obtained in the normal control group.
Twelve normal rats demonstrated no chemical or histological abnormalities except for minimal proteinuria in one animal (Table I) . Serum albumin levels (Text- fig. 2 ) ranged between 2.5 and 3.4 gm per cent with an average of 2.9 gm per cent (Table II) . Ten rats injected repeatedly with Freund's adjuvant showed only minimal proteinuria in one animal and a cholesterol level over 70 mg per cent in two.
RECIPIENT RATS

NEW~3OĨN~I I ( S ~)
Transfer Experiments.--Potential donor rats were observed for evidence of nephrosis as indicated by proteinuria and hypercholesterolemia, and only those manifesting these changes were selected for the transfer experiments. Of the 12 donors selected, subsequent histological examination demonstrated the presence of marked kidney lesions in ten. The cells from the two animals in whom significant lesions were not found were in each case, however, pooled before injection with cells from two and three animals respectively, in whom lesions were present.
Four separate experiments were carried out (Table III) . The number of cells injected varied between 30 and 75 million; at least 90 per cent of the cells were viable. Fourteen of the seventeen recipients survived; two died on the 8th day after transfer, and a third on the 12th day. Thirteen of the surviving fourteen animals manifested proteinuria beginning about 2 weeks after transfer which persisted until the time of sacrifice. At this time, 8 of 13 recipients tested had an increased serum cholesterol level. In eleven recipients examined, serum albumin levels ranged between 0.56 and 2.8 gm per cent with an average of 2.1 gm per cent (Table II ; Text- fig. 2 ). These values correspond well with those of the nephrotic donors and are significantly less than those found in the control Kidney lesions were present in thirteen of the fifteen recipients examined (Figs. 2 and 4) and were similar to those in the donor animals except for the two rats that died on the 8th day. The latter showed an acute glomerulitis (Fig. 6 ) indicated by marked hypercellularity and capillary thrombi in the glomeruli and focal tubular necrosis. These lesions appeared to be of recent origin, in contrast to those of the remaining animals in which survival was longer. The severity of the individual glomerular and tubular lesions in the thirteen positive recipients is graded in Table IV .
Control Transfer Experiments.--Control recipients were observed for 5 to 10 weeks following transfer, parallel with the experimental groups. Of five animals
NORMAL RAT SERUM PROTEINS
Glob. Glob. Glob. Glob, Album. injected with lymph node cells from normal rats to which they had been rendered tolerant, one showed a mild rise in serum cholesterol to 80 mg per cent (Table V) . In six tolerant animals who had received cells from donors injected with adjuvant alone, no abnormal findings were noted. Five non-tolerant recipients had been injected with cells pooled from five nephrotic donors; one had a serum cholesterol of 85 mg per cent and another had scattered focal tubular degenerative changes. Ten animals rendered tolerant to different donors had been injected with lymph node cells from five nephrotic donors to which they were not tolerant. One animal had proteinuria, elevated cholesterol level, and mild focal glomerular changes. Two others had cholesterol levels of 72 and 90 mg per cent, respectively. Thirteen rats were injected with spleen cells neonatally but did not receive lymph node cells subsequently. When sacrificed 8 to 12 weeks later, a mild glomerular lesion was observed in one animal.
NEPHROTIC DONOR SERUM PROTEINS
Serum Transfer Experiments.--Two batches of pooled serum were obtained by serial bleeding from groups of four and five donors, respectively, in whom histological evidence of renal disease was subsequently demonstrated. These were injected in 0.5 ml volumes into 5 and 4 recipients, respectively, over a 2 week period. A total of 4.5 ml was administered to two recipients, 4 ml to four, 3.5 ml to two, and 2 ml to one. Neither proteinuria, hypercholesterolemia, nor histological evidence of disease was found in any of the nine recipients at the end of a 2 week period following the last injection.
Histological Studies
Kidney Lesions.--The renal lesions observed in the kidney and Freund's adjuvant-injected donors and in the nephrotic recipients were similar. The following description applies to both groups, although in general the glomerular lesions were slightly more marked in the donors. Light microscopy showed decreased patency of the glomerular capillaries, and an increase in the axillary arranged PAS-posifive basement membrane material ( Figs. 1 and 2 ). The degree of involvement was variable, being barely perceptible in some instances, while in others it was sufficiently marked to obliterate the normal capillary network. In PA-MS preparations, the increased basement membrane material was readily observed, and the deposit in these was finely fibrillary rather than homogeneous as with the PAS stain. PAS and PA-MS-positive droplets of 2 to 4 # size were also frequently found in the cytoplasm of the glomerular and proximal tubular epithelial cells. A frequent tubular lesion consisted of atrophy of the lining epithelium, occurring in small groups of proximal convoluted tubules. In these cells, the brush borders were decreased in prominence and the cytoplasm was dark and compact. The nuclei were slightly enlarged, vesicular, and contained prominent nucleoli. Binucleated cells were also more frequent than normal. Hyaline droplets were often encountered in the epithelium of the proximal convoluted tubules (Figs. 3 and 4) . Like those in the glomeruli, they were PAS-and PA-MS-positive, varying in size up to 4/z. In some animals, the proximal convoluted tubules revealed patchy, cystic dilatation, most marked near the corticomedullary junction. In such cases, the tubular lumens were occupied by homogeneous, eosinophilic, PAS-positive material, forming tubular casts. In these dilated tubules, the lining epithelium was markedly flattened and atrophic. No alterations were observed in the interstitial tissue of the kidneys nor in the blood vessels.
In two animals, sacrificed after two injections of kidney extract with Freund's adjuvant, and in the two recipient animals who died 8 days after transfer, earlier glomerular lesions were seen. These consisted of glomerular epithelial and endothelial swelling and proliferation, rendering the capillaries ischemic. Occasional intracapillary thrombotic deposits were also seen (Figs. 5 and 6). It would appear that these lesions represented an early acute form of the disease leading to death. In ten animals who received Freund's adjuvant alone, a slight increase in glomerular cellularity was noted in one and moderate glomerular and tubular change was observed in another.
The liver, spleen, and lymph nodes were also examined in the donor and recipient rats. In animals injected with kidney and Freund's adjuvant, and in others injected with adjuvant alone, granulomatous inflammatory changes were noted on the surface of the liver and occasionally the spleen. Other tissues were normal. Immunofluorescent Studies.--Staining with conjugated anti-rat gamma globulin showed the presence of gamma globulin localized in the capillary walls of the abnormal glomeruli (Fig. 7) , both of donors and recipients. Fluorescence was not noted in the kidneys of the control recipients (Fig. 8) .
Electron Microscopy.--Study of the kidneys of five nephrotic donors and five nephrotic recipients revealed changes in the glomeruli and proximal convoluted tubules. These were essentially similar in the two groups. The glomerular capillary loops were partially obliterated by collapse, swelling of No. with histologic changes endothelial cells, and excessive folding of the basement membrane (Figs. 9 and 10). The increased PAS-positive material seen in the glomeruli appeared partially to be due to the excessive basement membrane folding. In many areas, however, an actual thickening of this membrane was present. This was sometimes due to nodular projections of its outer surface which formed deposits between the epithelial cell cytoplasmic processes. In other areas, a more diffuse thickening was observed, to as much as two or three times normal. Some of the glomerular epithelial cells continued to manifest relatively narrow zones of compact and electron-dense cytoplasm, as in the normal state, while others were overfly swollen by light, watery appearing cytoplasm in which mitochondria and endoplasmic reficulum were widely dispersed and scanty.
The pedicels were structurally normal in some areas, but in others they were obliterated and replaced by a continuous sheet of epithelial cytoplasm. Focal cytoplasmic densities were often present within the epithelial cytoplasm, apparently representing the original sites of the normally dense trabeculae and pedicels. Round or oval, electron-dense bodies measuring up to 2/z were also found within the swollen cytoplasm of the epithelial cells (Figs. 11 and 12 ). These corresponded in distribution, size, and shape with the PAS-positive droplets seen by light microscopy.
In the proximal convoluted tubules, dilated tubules lined by small cells were occasionally observed. Microvilli were sparse or absent in these tubules. The atrophic cells contained scanty mitochondria and endoplasmic reticulum, and the basal infolding of the cytoplasmic membranes was less prominent than normal. Dense oval bodies up to 2/~ in diameter were found in the cytoplasm of many of the proximal convoluted tubular epithelial cells. They varied from a finely clumped to almost homogeneous appearance and were uniformly dispersed throughout the tubular epithelial cell cytoplasm, although they were occasionally present in the lumen (Fig. 13) . In some instances, several of these bodies were grouped to form larger masses, up to 5/z in diameter. These bodies are believed to correspond to the hyaline droplets seen in the proximal convoluted tubular epithelium with light microscopy. No semblance of mitochondrial structure was seen in these bodies.
DISCUSSION
The similarity of the recipient and donor lesions and the presence of proteinuria, hypercholesterolemia, and hypoalbuminemia in the recipients is good evidence that a renal lesion was transferred. Control animals, on the other hand, to which cells were transferred from normal donors or from donors injected with Freund's adjuvant alone, did not develop significant proteinuria or histologic abnormalities, and when cells were transferred from nephrotic donors to recipients who had been rendered tolerant to different donors, only one of ten animals developed proteinuria and histologic changes. Since longterm closed colony bred rats were used, it is not surprising that this occurred in one instance.
Although two of ten donor animals injected with Freund's adjuvant alone had renal lesions, these were mild, and there was no significant evidence of nephrosis in these animals. This is in agreement with the experience of Heymann and coworkers (16) . Transfer of cells from this group to tolerant recipients produced no abnormalities in the latter. It would appear, therefore, that the effects of Freund's adjuvant alone are not communicated to the recipients.
The injection of 20 million spleen cells for induction of tolerance resulted in an insignificantly low incidence of the "runting" syndrome. Animals in which this occurred were not used as recipients. No clinical or pathological evidence of runting was observed in any of the experimental or control recipients. There was no evidence, either, that partial splenectomy inhibited the capacity of the donors to develop nephrosis.
The renal lesions developed in the recipient animals were similar on light and electron microscopy to those of the nephrotic donors and correspond to the lesions described by Heymann and coworkers (16) . The primary alteration appeared to be in the glomerulus where endothelial swelling and presumably increased permeability to protein occurred. Concomitantly, the glomerular epithelial cells became swollen, resulting in obliteration of the foot processes in some areas. Tubular degenerative changes were presnt, apparently a result of glomerular injury and decreased blood flow.
The nephrosis induced by repeated injections of kidney extract with Freund's adjuvant is essentially a membranous glomerulonephrifis. Although animals sacrificed after two injections showed acute proliferative lesions, the disease appeared to be chronic in nature since histological changes and proteinuria were present up to 9 months after the last injection of antigen in animals receiving the full course of injections. Since the disease can be induced by injection of autologous kidney (16) , it may be considered autoimmune in type. The small quantity of kidney protein required supports the argument that an immune mechanism is involved, but the identity of the specific component of kidney tissue responsible for the antigenicity is unknown. That the process is relatively specific for kidney tissue is evident from the work of Heymann and coworkers, who showed that lesions were not produced when lung and muscle extracts were injected, and that only a small percentage of mild lesions was observed when a liver extract was used (16) .
A number of observations suggest that the antigen may be derived from basement membrane. Steblay (29) has shown that a renal lesion may be produced in the sheep by injection of glomerular basement membranes from a variety of species. Renal changes have also been produced by injection of antisera to renal basement membrane (30) , as well as to lung (31) and placenta (32) . According to Krakower and Greenspon (33) , however, the relative concentration of nephrotoxic antigens was 10 to 20 times greater in the capillaries of the renal glomerulus than in those of other organs.
In contrast to the nephrotoxic nephritis of Masugi and the foreign protein nephritis most recently studied by Dixon, Feldman, and Vasquez (9) in which serum antibody appears to play a major role, the part played by this type of antibody in the development of the autoimmune nephrosis in the rat is not clear. In the case of the nephrotoxic nephritis, heterologous anti-kidney antibody has been shown to react with an antigen associated with the basement membrane (12, 13, 36) . The resulting complex is believed to generate a second antibody in the host which presumably induces the nephritis (15, 34) . The foreign protein nephritis, according to Dixon and coworkers (9) , depends on the formation of antibody complexes with the foreign protein antigen, in which kidney antigen does not participate. These are taken up by the glomerular endothelial cells (35) and deposited along the capillary basement membrane coin-cident with the development of subacute and chronic glomerulonephrifis. Lange, Wachstein, and McPherson (15) and Ortega and Mellors (36) have demonstrated the localization of gamma globulin on the basement membrane in both of these conditions by the fluorescent antibody technique and have interpreted this to be a consequence of the binding of serum antibody at the site of injury.
Though we have also observed the presence of gamma globulin in the glomerular capillary walls in the kidney and adjuvant-induced nephrosis, the importance of serum antibody in the pathogenesis of this disease is not clear. The occurrence of serum antibody in this condition has been studied by Hunter, Hackel, and Heymann (37) . Though many sera produced bands of precipitation with rat kidney extract by the agar double diffusion technique, there was no strict correspondence between the appearance of antibody and the time of onset of the disease. In addition, agglutination of erythrocytes sensitized with kidney antigen was observed with only a minority of nephrotic rat sera and when present, titers were low in magnitude.
The failure of attempts to transfer the disease by means of serum, as reported in this paper and previously by Hunter (38) , is further evidence against the significant role of serum antibody in mediating the renal lesion. In our attempts to transfer the disease by means of serum, neither proteinuria nor histological abnormalities were observed after a 2 week period following the last injection of serum from nephrofic donors. The effects of nephrotoxie sera, on the other hand, have usually been manifest within several days.
A precedent for the transfer of autoimmune disease by means of lymph node cells is offered by the successful transfer of allergic encephalomyelitis in the rat by Paterson (20) . Since, as pointed out by this author, extended survival of the donor cell line in the recipients is a key factor in the transfer, the recipients in the present experiments were rendered tolerant to the prospective donors by injection neonatally with spleen cells from these animals. Subsequent injection of lymph node cells from nephrotic donors achieved successful transfer presumably because of survival of the donor cell line. It would seem unlikely that another mechanism was operative, such as the transfer of an infectious agent or antigen, since control recipients of cells from kidney and Freund's adjuvant-injected donors, who were either not tolerant or tolerant to other donors, did not develop nephrosis. The extended survival of a donor cell line in irradiated animals has recently been demonstrated (39) .
The method of production of kidney and Freund's adjuvant induced nephrosis and its transfer by means of lymph node cells provide good evidence that this disease has an immunological basis. Paterson (20) , in considering this type of mechanism with respect to allergic encephalomyelitis, has found it di~cult to decide whether cellular or conventional circulating antibody produced by the transferred cells is responsible for the induction of disease in the recipients.
There exists, however, a considerable body of evidence relating transfer by means of lymph node cells to a cellular antibody or delayed hypersensitivity mechanism.
Beginning with the work of Chase (40) and Lawrence (41) on the transfer of tuberculin hypersensitivity, it has been clear that delayed hypersensitivity may be transmitted by transfer of cells. In recent years, also, the availability of Freund's adjuvant has made possible the production of a number of experimental autoimmune diseases in which serum antibody, when present, has not been shown to play a significant role. These diseases, which appear to have their counterparts in man, are thyroiditis (42), allergic encephalomyelitis (43), aspermatogenesis (44), adrenalitis (45) , uveitis (46) , and most recently, nephrosis in the rat (16) . Though serum antibody has been identified in a number of the aforementioned states, attempts to transfer them by means of serum have failed in the case of allergic encephalomyelitis (47) , thyroiditis (48) , aspermatogenesis (49) , and in the present experiments, in the case of nephrosis in the rat. With respect to allergic encephalomyelitis, it has been reported by Paterson that the development of the central nervous system lesion is actually inhibited by the presence of a significant titer of serum antibody (50) . The transfer of this disease by means of parabiosis (51) does not, of course, distinguish between the effects of serum antibody and ceils.
In a study of allergic thyroiditis in the guinea pig, McMaster, Lerner, and Exum (52) found a better correlation of the occurrence of thyroiditis with a delayed skin reaction to thyroid extract than with the titer of thyroid antibody, and concluded from this that the development of the thyroiditis was related to the presence of delayed hypersensitivity. This interpretation has recently been supported by Felix-Davies and Waksman (53) who transferred experimental thyroidifis in inbred guinea pigs by means of lymph node cells and concluded from this that the early lesions of immune thyroiditis represent a delayed hypersensitivity state.
Since the ability to synthesize conventional antibody may also be transferred by lymph node cells (22) , it cannot be concluded with certainty that delayed hypersensitivity, rather than a reaction mediated by serum antibody, is responsible for the development of the experimental diseases mentioned. The possibility exists, to be sure, that the transferred cells may synthesize antibody in high concentration locally in the target organ with resulting injury. It would appear, however, that the weight of evidence favors the hypothesis that serum antibody in the usual sense is not responsible for the pathological changes observed.
The experimental autoallergic diseases mentioned, of which autoimmune nephrosis appears to be an example, constitute a well defined group. As pointed out by Waksman (54), they are induced by a common technique which utilized Freund's adjuvant; they involve specialized tissues, in which the parenchyma is separated from the circulation by well defined physiological barriers; and their lesions conform to a common pattern which may, in fact, represent an immunologic reaction of the delayed type. Clinically and histologically, they appear to offer experimental models for a number of human diseases. If the autoimmune nephrosis here studied in the rat has a parallel in human disease, it would appear, on the basis of the proteinuria, hypercholesterolemia, hypo-albuminemia, and histologic evidence of basement membrane thickening observed, to be best correlated with membranous glomerulonephritis in man (55) . If such an assumption is valid, it seems reasonable that immunological investigation of the latter condition should take into account the role of delayed hypersensitivity in its pathogenesis.
SUMMARY
An autoimmune nephrosis produced in rats by repeated injections of kidney extract with Freund's adjuvant has been transferred by means of lymph node cells to recipient animals rendered tolerant by neonatal injection with spleen cells from prospective donors. Transfer of the disease was manifested in the recipients by the development of proteinur~a, hypoalbuminemia, hypercholesterolemia, and histological changes. The latter consisted of glomerular epithelial swelling, increase in basement membrane material and the presence of protein droplets in the glomerular and tubular epithelium. Appropriate control experiments were negative. Attempts to transfer with serum were unsuccessful. The transfer described is believed to provide evidence for an immunological mechanism for kidney and adjuvant induced nephrosis in the rat. 
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Fit;. 13. Glomerulus of recipient animal. A swollen endothelial cell (En) of a tangentially sectioned capillary is present. The glomerular epithelial cells (E) are markedly swollen and contain numerous hyaline droplets (H). The epithelial cell foot processes are fused in several areas (X), although they still contain dense cytoplasmic material. × 14,400.
